dkgA gene knockout and strain characterization
The method of Derbise et al. was used to delete the complete coding region of the dkgA gene from the chromosome of E. coli BL21(DE3).
1 Overlap extension PCR was used to locate the FRT-kan-FRT cassette (amplified from plasmid pKD13) between 500 bp homologous regions immediately adjacent to the dkgA gene (Supporting Information Scheme 1). The assembly was used to transform E. coli strain BL21(DE3) (pKD46), which expressed the λ red recombinase under control of an arabinose-inducible promoter. Cells were grown at 37°C to eliminate plasmid pKD46 (due to its temperature-sensitive replicon) with selection for kanamycin resistance, yielding a single colony. The results of several PCR amplifications confirmed that the dkgA gene had been deleted precisely and replaced by a kanamycin resistance gene, as designed. This resulting strain was designated BL21(DE3)∆dkgA::kan. The kanamycin resistance gene was removed by recombination to leave a single FRT site at the original dkgA locus (designated E. coli BL21(DE3) ∆dkgA). The growth rate of BL21(DE3) ∆dkgA was identical to that of the parent BL21(DE3) in rich medium under aerobic conditions (data not shown).
Plasmid maintenance by serA complementation
As an alternative to maintaining plasmids by antibiotic resistance, we also explored an alternative strategy in which a plasmid-borne serA gene complemented a chromosomal deletion in the host strain to restore serine prototrophy. 2 Two serA-containing plasmids that overexpressed dehydrogenase Gcy1 from identical promoters were tested. In one (pBC0087), serA expression was driven by the native promoter while the other plasmid (pBC0464) contained a mutated serA promoter that significantly decreased SerA expression. E. coli strains containing 3 one of these serA plasmids or an analogous plasmid that utilized antibiotic selection were grown in minimal medium and induced. While all three strains grew at identical rates, a native serA promoter on the plasmid decreased Gcy1 specific activity in the crude by an order of magnitude as compared to otherwise identical plasmids that used either low-level SerA expression or antibiotic resistance for selection (data not shown). These results demonstrated that an exogenous dehydrogenase can be overexpressed without antibiotic selection and also suggest that a gene involved in cofactor regeneration could replace the chromosomal serA locus to allow both plasmid maintenance and cofactor supply.
Experimental section

Deletion of the dkgA gene in BL21(DE3).
To obtain genomic DNA, cells were harvested from a 500 mL culture of E. coli strain BL21(DE3) by centrifugation (4,000 × g for 10 min at 4°C). After resuspending in 250 mL of minimal salt solution (93 mM KP i , 76 mM (NH 4 ) 2 SO 4 , 3.3 mM sodium citrate, 4 mM MgSO 4 ), the cells were collected by centrifugation as described above. Cells were resuspended in 10 mL of minimal salt solution, then an equal volume of cell lysis solution was added (100 mM Tris-Cl, 100 mM EDTA, 10 mM NaCl, 0.5% SDS, pH 8.0) and the suspension was mixed gently by inversion. Proteins were removed by phenol extraction and the DNA was precipitated by EtOH.
After drying, the pellet was dissolved in 2 mL of TE buffer (pH 7.5) and extracted with equal volumes of 1 : 1 phenol-chloroform followed by chloroform, then the DNA was precipitated by
EtOH. The dried pellet was dissolved in TE buffer (pH 8.0) and DNA concentration was estimated by UV absorbance (A 260 / A 280 = 2.1).
4
A cassette containing the kanamycin resistance gene flanked by FRT sites was amplified from plasmid pKD13 1 using primers pKD13F (GTG TAG GCT GGA GCT GCT TC) and pKD13R (ATT CCG GGG ATC CGT CGA CC). Agarose gel electrophoresis confirmed that the expected 1.3 kb fragment had been produced. The PCR product was digested with DpnI overnight (to linearize template DNA), then the 1.3 kb band was purified by low-melt agarose.
The purified material was used as a template for five additional PCR amplifications under the same conditions. After precipitation with EtOH, the 1.3 kb product was purified by low-melt agarose.
E. coli genomic DNA was used as the template in PCR amplifications of ca. anneals within the kanamycin resistance gene). This strain was designated BL21 (DE3) ∆dkgA::kan. The kanamycin resistance gene was removed by transforming this strain by electroporation with pCP20. Transformants were spread on LB plates containing 100 µg / mL ampicillin. A single colony was picked and grown to saturation in 3 mL of LB liquid medium at 37°C. Dilutions were spread on LB plates containing no antibiotic, kanamycin (25 µg / mL) or 6 ampicillin (100 µg / mL). These were grown at 37°C to eliminate pCP20. No colonies were observed on the ampicillin-containing plate, very few on the kanamycin-containing plate and a lawn appeared on the plate lacking antibiotic. A single colony was chosen from the last plate and analyzed by PCR, which revealed that the FRT-kan-FRT cassette had been replaced by an FRT site (Table 3 ). This final strain was designated BL21(DE3) ∆dkgA. 
